cipitated with an anti-Flag antibody, followed by immunoblotting with an anti-hPot1 antibody. From this Duke University Medical Center Durham, North Carolina 27710 analysis, we identified two constructs, shRNA-P1 and -P2, which reduced hPot1 expression by 50% or more. Neither of these shRNAs had any effect on the expression of the off-target protein YFP ( Figure 1A ). Lastly, Summary these shRNAs are expected to target all known splice forms of hPot1 because the shRNAs target either exon The human telomere binding protein hPot1 binds to 18 or 9, which are common to the recently described the most distal single-stranded extension of telomeric alternative splice transcripts of hPot1 Figure 1B ). This was most dramatic at day four, addition, knockdown cells also displayed chromatin when few hPot1 knockdown cells were detected on bridges between interphase cells, reminiscent of the plates stained with crystal violet, in contrast to the nearly cut phenotype that was first described in fission yeast confluent plate of scramble control cells ( Figure 1C ). and in which cytokinesis progresses despite a failure Because independent targeting of either the 5Ј or 3Ј end of chromatid separation [11]. However, unlike the of the transcript gave rise to the same phenotype, we yeast cut phenotypes, we suggest that the cut-like argue that a decrease in hPot1 expression accounts for phenotype observed in hPot1 knockdown cells is a the decrease in plating efficiency. consequence of the fusion of chromosome ends and To determine if apoptotic death accounts for the that this fusion impedes proper chromosomal segrereduced number of cells observed upon treatment gation. We conclude that hPot1 protects chromosome with hPot1 shRNAs, we performed FACS analysis on ends from illegitimate recombination, catastrophic hPot1 knockdown or control HeLa cells by using chromosome instability, and abnormal chromosome Annexin V-PE and 7AAD as markers for early and late segregation. apoptosis, respectively. Specifically, HeLa cells cotransfected with shRNA-P1 or the scramble control and Results and Discussion a YFP-expressing plasmid were sorted for YFP-positive cells and plated as described above. Three days later, Knockdown of hPot1 Leads to a Decrease in Cell these cells were double stained with Annexin V-PE and Viability in HeLa Cells 7AAD, then subjected to a second round of FACS sorting To investigate the cellular role of hPot1, we disrupted to determine the number of cells staining positive for the function of this protein in human cells by using RNA these markers. This analysis revealed a 3-fold increase interference to lower hPot1 expression [12]. Sequences in the number of apoptotic (Annexin V-PE-and Annexin encoding small hairpin RNAs (shRNA) that produce V-PE/7AAD-positive) cells compared to scramble consmall interfering RNAs directed against hPot1 were trol cells ( Figure 1D ). We conclude that reduced exprescloned into the vector pSUPER, and the resultant consion of hPot1 causes apoptosis of HeLa cells. structs were transiently transfected into HeLa cells. Because of extremely low levels of endogenous hPot1 in Knockdown of hPot1 Leads to a Senescent-like HeLa cells (not shown), we stably expressed flag epiGrowth Arrest in HT1080 and IMR-90 Cells Disrupting telomere stability by decreasing the amount of the telomere binding protein TRF2 on telomeres via
expression of a dominant-negative form of the protein, diploid fibroblast strain IMR-90, which is more sensitive to the effects of TRF2 ⌬B⌬M [19] , with the retroviral vector TRF2 ⌬B⌬M , is known to cause either apoptosis or senescence, depending on whether the cell assayed has an encoding shRNA-P1 or the scrambled counterpart. The Pot1 shRNA elicited a more severe senescent phenointact p53-mediated DNA damage response or cannot execute apoptosis upon DNA damage [19] . We therefore type in these cells ( Figure 2D ); many cells exhibited an enlarged and flattened morphology and stained strongly tested the effect of knocking down hPot1 expression in HT1080 cells, which are known to enter a senescencepositive for ␤-galactosidase (␤-gal), a marker of senescence [20] . Thus, knockdown of hPot1 leads to either like state upon disruption of their telomeres [19] . Specifically, HT1080 cells were cotransfected with a YFPapoptosis or senescence, which based on these limited studies appears to depend upon whether the cells can encoding plasmid and one encoding hPot1 shRNA-P1 or the scramble control, after which YFP-positive cells mount a DNA damage response that leads to apoptosis. Figures 4C and 4D) . This coding the scrambled sequence ( Figures 5A and 5B ) was 22%, a value somewhat higher than reported for analysis argues against the possibility that the cut-like phenotype was instigated by improper chromosome other strains of HT1080 cells [10]. However, upon knockdown of hPot1, there was a 2.5-fold increase in these condensation because knockdown of hPot1 did not cause any obvious defect in chromatin condensation aberrant segregation events ( Figures 5A and 5B) , as observed in the gastric cancer cell line MKN-28 when upon gross inspection of metaphases ( Figure 4C ). Because loss of pot1 in Aspergillus leads to mitotic spindle it was treated with an hPot1 antisense oligonucleotide [21] . Real-time imaging has previously shown anaphase and chromosome segregation defects [27] and because disrupting at least one telomere-associated protein imbridges in mammalian cells to produce micronuclei when the chromosome bridges resolve and reform as pedes the separation of sister chromatid telomeres [28] , it remains possible that other factors may yet contribute small membrane bound DNA bodies [22] . We therefore assayed whether loss of hPot1 function may similarly to the observed cut-like phenotype, although our data indicate that a major contributor to this phenotype is lead to an increased number of cells displaying micronuclei. hPot1 knockdown or scramble control cells telomere instability. Indeed, some hPot1 knockdown cells actually displayed long strings of individual chrowere examined microscopically for the presence of small DAPI-positive bodies distinct from the nucleus. mosomes linked at their ends, presumably due to catastrophic telomere instability ( Figure 4E ). This phenotype Approximately 12% of scramble control cells had micronuclei, consistent with the number of these strucwas not observed in control cells and is consistent with hPot1 performing a protective capping function that untures observed in other cancer cell lines [22] . Conversely, this number increased to 65% in the hPot1 derlies the cut-like phenotype. In agreement with these results, we show that transient transfection of a vector knockdown cells (Figures 5C and 5D ). Based on these results, we speculate that loss of hPot1 leads to fusion of encoding the TRF2
⌬B⌬M dominant-negative form of the telomere binding protein TRF2, which is well docuchromosome ends and subsequently anaphase bridges, which can break to form micronuclei or persist during because knockdown of hPot1 led to telomere associations. A failure to properly resolve such telomere associcytokinesis to form the cut-like chromatin bridges.
ations may underlie the increase in anaphase bridges, which in turn may lead to the formation of micronuclei hPot1 and Chromosome Stability We show that transient expression of hPot1 shRNA and cut-like chromatin bridges. Telomere dysfunction, rather than shortening, probably accounted for these caused either senescence or apoptosis, in accord with the previously described ability of the tested cells to phenotypes because they were detected in hPot1 knockdown HT1080 cells, which undergo telomere elonmount and enact upon a p53-dependant DNA damage response [19] . However, HeLa and HT1080 cells stably gation ( Figures 4B and 4D) . With regard to the novel cut-like phenotype, we note that interphase chromatin expressing hPot1 shRNAs could still continue to proliferate, perhaps as a result of a less efficient knockdown bridges were induced by destabilizing telomere ends by very different means (Figures 3A-3D) and have been by stable infection methods. We suggest that the apoptosis or growth arrest was due to telomere instability detected at senescence [23] , a state characterized by 
